The effects of early weaning and exogenous hormones on postpartum estrus, conception and lambing performance were evaluated with 124 fall-lambed Karakul ewes. The broad outline of the experiment consisted of two lactation periods (nursing for 48 hr or 60 days postpartum) and four hormone treatment groups as follows: (1) a single injection of 2 mg estradiol-17/3 on day 4 postpartum and on the same day a silicone rubber implant impregnated with 375 mg progesterone was implanted for 14 days, (2) same as (1) but 36 hr after withdrawal of implants a single injection of 700 IU PMS was given, (3) same as (2) but 16 days after the first injection of PMS another 700 IU PMS was injected, (4) untreated controls.
During the first 60 days after lambing, estrus was monitored by use of fertile rams. Neither suckling nor hormone treatment had significant effects on interval to first estrus in days (within 60 days postpartum) or percentage of ewes that exhibited estrus. Ewes in the early weaned group required an average of 189.3 days between lambings as compared with 193.7 days for ewes in the late weaned group (P<.05). Hormone treatments did not have a significant effect on the interval between Iambings.
Percentage of ewes that lambed after experimental treatments was higher (P<.05) for the early weaned group as compared to the late . The same trends also were found for weight of lambs born and weight of lambs weaned per ewe exposed to rams for 60 days postpartum. Total number of lambs born per ewe over two lambing periods was higher (P<.05) in the early weaned group than in the late weaned group (1.82 vs 1.56). The same trends were observed for total weight of lambs born.
Total weight of lamb per ewe 60 days after lambing was higher (P<.05) in the late weaned group than in the early weaned group (22.92 vs 18.58 kg). This difference is attributed to the artificial rearing at the first lambing which increased mortality and stunted the growth of early weaned lambs. Hormone effects on different aspects of lamb production were not significant. (Key Words: Postpartum, Exogeneous Hormone, Progesterone, Estradiol-17fl, Pregnant Mare Serum, Estrus.)
INTRODUCTION
Early weaning during the peak of the breeding season may help in stimulating earlier estrus and increase the percentage of ewes conceiving. However, Hunter and Van Aarade (1973) concluded that lactation had only an indirect effect on postpartum anestrus by acting through nutritional stress.
Hormonal therapy of ewes has been shown to induce behavioral estrus and increase the number of fertile matings. The effect of lactation on response of ewes to hormonal therapy is not understood. Rahman and Kitts (1967) reported better results in non-lactating ewes, while Gordon (1963) , Hulet and Foote (1967) and Wagner and Veenhuizen (1968) that early weaning did not increase fertility of hormone-treated ewes. Sefidbakht and Movasagh (1973) reported the presence of corpora lutea in the ovaries of 93.3% of Karakul ewes at 23 days postpartum following a fall-lambing. However, the mean interval between parturition and conception was 49 + 21 days. This indicated that some of the early ovulations did not result in fertile estrus. Since there are some indications that the first estrus of the breeding season, puberal estrus and postpartum estrus of fall-lambing ewes is preceded by an ovarian cycle without behavioral estrus (Foote et al., 1970; McKenzie and Terrill, 1937; Miller and Wiggins, 1964; Barker and Wiggins, 1964) ; it may be possible to take advantage of postpartum ovulation for rebreedipg fall-lambing ewes.
This study was conducted with the hope of providing more information on the effect of early weaning and hormone therapy on induction of estrus, conception and lambing performance of fall-lambed ewes, under a favorable plane of nutrition.
MATERIALS AND METHODS
In the spring of 1974, a total of 198 mixed aged (4 years and older) dry Karakul ewes were purchased and synchronized with silicone rubber implants each containing 375 mg crystalline progesterone and 700 IU pregnant mare serum gonadotropin (PMS) in order to obtain a group of fall-lambing ewes. From this group, 124 ewes which lambed between November 11 to December 15 were selected for this study. The experimental design and the number of animals in each subgroup are presented in table 1. The broad outline of the experiment consisted of two periods of lactation (nursing for 48 hr or 60 days after parturition) and four hormone treatment groups as follows: Group 1. Ewes received a single intramuscular injection of 2 mg estradiol-17/3 4 days after parturition. They were also implanted on the same day with silicone rubber implants impregnated with 375 mg progesterone which were inserted subcutaneously in the wool free area of the rear flank and allowed to remain for 14 days.
Group 2. Same as group 1, but 36 hr after withdrawal of progesterone a single subcutaneous injection of 700 IU PMS was given.
Group 3. Same as group 2, but 16 days after the first injection of PMS a second injection of Group 4. Ewes received no treatment and served as controls.
The flock was managed as a farm flock utilizing barley pasture during early spring. Then they were pastured on poor ranges or barley, wheat and corn stubble until approximately 1 month before lambing. After this period, supplemental feeding of alfalfa hay, corn silage and barley grain was practiced when needed. About 2 weeks before lambing the ewes were kept in an open shed and were fed alfalfa hay, corn silage and barley equivalent to N.R.C. (1968) recommended nutrient allowances for the last 6 weeks of gestation.
After lambing each group of ewes nursed lambs according to the experimental plan. Ewes of the late weaned group received .75 kg alfalfa, 2 kg corn silage, .70 kg barley and .40 kg dried beet pulp, which was equivalent to about 120% N.R.C. (1968) recommended level for the first 8 to 9 weeks of lactation. The ewes in the early weaned group were fed .75 kg alfalfa hay, 2 kg corn silage, . 35 kg barley and . 15 kg dried beet pulp, which was equivalent to about 160% N.R.C. recommended level for non-lactating ewes in the first 15 weeks of gestation.
The lambs in the late weaned groups had access to a creep ration containing about 72% total digestible nutrients and 12% digestible protein. Lambs of the early weaned group were reared on reconstituted milk substitute; they also had access to the above concentrate plus alfalfa hay free choice. The milk replacer was fed twice per day (about 250 g per day per lamb).
After parturition, each group of ewes was kept in a separate pen and treated according to the experimental plan. They were checked for behavioral estrus starting 24 hr after lambing and ending 60 days postpartum. Those showing estrus were exposed to eight fertile rams in their pens and the rams were rotated with the adjacent pens every 12 hr (checking intervals). Dates of detected estrus and lambing were recorded. Four estrous dates were not recorded and for these ewes the conception date was calculated by using lambing date and the gestation length of 150 days.
The data were analyzed using the leastsquares procedure as outlined by Harvey (1960) . Constants were fitted for the effects of suckling, hormone treatment and their interactions.
RESULTS AND DISCUSSIONS
Overall means for date of lambing, ewe body weight immediately after fall-lambing, lambing rate and total kg lamb born per ewe lambing were: December 1, 55.00 kg, 1.03 and 5.16 kg, respectively.
Postpartum Interval to First Estrus and Percentage of Ewes Showed Estrus.
The summary of postpartum estrous behavior, ewe body weight at 60 days postpartum (late weaning day) and lamb production during November and December is presented in table 2.
Of the early weaned ewes 93% mated following lambing, and the average interval to the first mating was 18.15 days. For the late weaned ewes, 95% mated; the average interval to first mating was 21.62 days. Hormone treatment did not significantly affect the interval to first estrus or percentage of ewes exhibiting estrus following parturition. There was no significant lactation x hormone interaction.
The effects of early weaning on the stimulation of early postpartum estrus are somewhat conflicting. The results of this experiment are not in agreement with the reports of Barker and Wiggins (1964) , Mallampati et al. (1971) , Sefidbakht et al. (1971) , Shevah et al. (1974) , Gould and Whiteman (1973) and Speedy and Owen (1975) , who suggested that lactation delays the onset of postpartum behavioral estrus. The results generally agree with observations by Hunter and Lishman (1967), Wagner and Veenhuizen (1968) and Whiteman et al. (1972) , who reported no significant differences between early and late weaned ewes with respect to first postpartum estrus when on a high plane of nutrition. These results also support those of Hunter and Van Aarade (1973) , who concluded that lactation has only an indirect effect on postpartum anestrus acting through nutrition stress. The results of hormone treatments in this experiment also are not in agreement with those reported by Gordon (1963) , Hulet and Foote (1967) and Falkenburg et al. (1971) , who showed that two injections of PMS given at 14-to 16-day intervals with the first or both injections preceded by progestogen increased the percentage of ewes showing estrus. This contradiction might be attributed to the high incidence of estrus (96%) in the untreated ewes in this trial. The results also do not show any effects of pretreatment with estradiol in stimulating early postpartum estrus.
Weaning Performance of Lambs. Number and weight of live Iambs per ewe lambing at 60 days after birth (late weaning day) were reduced (P<.05) as a result of early weaning (table 2). The effect of hormone treatment on 60-day postpartum number and weight of lambs was not significant. However, the lactation • hormone interaction was significant (P<.05). In this study interaction of lactation X hormone on 60-day postpartum number and weight of lambs might be partially attributed to the artificial rearing which caused higher death loss and stunted growth of the early weaned lambs.
Date of Second Lambing and Interval Between Lambings. Neither lactation nor hormone treatment had significant effects on the average date of second lambing (table 3). Of the ewes that lambed in June, the early weaned group had shorter (P<.05) intervals from November and December lambing than the late weaned group (189.3 vs 193.7 days, table 3). The effect of early weaning on interval to conception is not in agreement with the observations of Whiteman et al. (1972) or Sefidbakht and Movasagh (1973) , who reported no significant effect of lactation on the interval to conception in fall-lambing ewes. The difference may be due to a higher incidence of fertile matings at the first postpartum estrus in the early weaned group than the late weaned group in this experiment. Similar results also were reported by Gould and Whiteman (1973) .
Lamb Production. Lamb production of ewes .~ ~.=-. table 3 . Neither lactation nor hormone treatment had a significant effect on lambing rate, weight of lambs born, number of lambs weaned or weight of lambs weaned per ewe lambing in June. There was no significant lactation x hormone interaction for any aspect of lamb production. Although not significant, there was a tendency for higher lamb production in previously early weaned ewes. Differences in the postpartum plane of nutrition, which was higher in the early weaned group, could explain some of this difference. Conception Rate. In table 4 data are presented for ewes that were exposed to rams during the fall. The early weaned group of ewes gave birth to 65% lambs in June as compared to 48% in the late weaned group (P<.05). Similar effects of early weaning have been reported (Phillips et al., 1947; Hafez, 1952; Copenhaver and Carter, 1964; Sefidbakht et al., 1971; Gould and Whiteman, 1973; Speedy and Owen, 1975) .
Hormone treatments did not significantly affect conception rate. This in part agrees with the finding of Falkenburg et al. (1971) , who reported that conception rate was not affected by subcutaneous silicone rubber implants impregnated with progesterone, implants plus PMS or estrogen pretreatment in addition to implants and PMS in cycling ewes.
There was no significant lactation x hormone interaction for conception rate. This agrees with the results of Rahman and Kitts (1967) , but not with those of Wagner and Veenhuizen (1968) or Hulet and Foote (1967) who concluded that early weaning of lambs did not increase fertility of treated ewes.
Lamb Production at tbe Second Lambing of Total Ewes Present at the First Lambing.
The lambing percentage and lambing performance are presented in table 4. There were significant differences in favor of the early weaned group of ewes as compared to the late weaned group for the variables; lambing percentage (78 vs 53%) and number of lambs weaned per ewe 60 days postpartum (.64 vs .35 lamb). The same trends existed for weight of lambs born (3.35 vs 2.21 kg) and weight of lambs weaned (9.08 vs 5.29 kg) per ewe exposed to the ram in the fall. The better lamb production of early weaned ewes is mostly due to the higher percentage of fertile matings.
Hormone treatment did not significantly affect lamb production. This is supported in part by the data of Falkenburg et al. (1971) . There was no significant lactation X hormone interaction.
Overall Lamb Production of Both Lambings per Ewe Present at the First Lambing. Of 124 ewes that were exposed to rams after first lambing and could have lambed twice during the fall and spring, 71 ewes lambed twice (table  3) . The overall number of lambs born per ewe for two lambings (table 5) was 1.69 lambs per ewe and these weighed 7.94 kg; of these, 1.35 lambs were alive at 60 days postpartum and they weighed 20.75 kilograms.
Of the 61 ewes in the early-weaned group that could have lambed during fall and spring, 40 lambed twice and 1.82 lambs were born per ewe, as compared to the late-weaned group in which 31 out of 63 lambed and 1.56 lambs were born per ewe (P<.05). The same trend was observed for total weight of lambs born.
Total weight of lambs 60 days after lambing per ewe was higher (P<.05) in the late weaned group than in the early weaned group (22.92 vs 18.58 kg); the difference is attributed to the artificial rearing in the first lambing which stunted growth of the early weaned lambs and increased mortality.
Hormone effects on different aspects of overall lamb production are shown in table 5. Differences due to hormone treatment were not significant. A significant lactation • hormone interaction was observed for total number of lambs and total weight of lambs 60 days after lambing.
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